esp@cenet document view 


1/1 <<— V 


Citation / 


LASER BEAM MACHINE AND ITS METHOD 

Japanese Patent Appln. Opened No. 7 7<* / 9 c 



Patent number: jp 1 1 000773 
Publication date: 1 999-01 -06 


inventor: TORIGOE TOSHIHIRO 


Applicant: _ NIPPON ELECTRIC GO - 


Classification: 


- international: B23K26/00; H01L21/302; B23K26/00; H01 L21/02; 

(IPC1-7): B23K26/00; H01L21/302 


- european: 


Application number: JP1 99701 53921 19970611 
Priority number(s): JP19970153921 19970611 


Report a data error here 


Abstract of JP1 1000773 

PROBLEM TO BE SOLVED: To obtain excellent machining quality by reducing machining energy at 
the time of wiring pattern machining. SOLUTION: In the laser beam machine machining a wiring 
pattern 200b by irradiating a laser beam with a laser oscillator to the multilayer thin film 200 having the 
wiring pattern 200b coated with a protecting film 200a f the laser oscillator is composed of the protecting 
film machining laser emitting the laser beam (a) for removing the protecting film 200a and the laser 
oscillator having the wiring pattern machining laser emitting the laser beam (b) for machining the wiring 
pattern 200b. 


Data supplied from the esp@cenet database - Worldwide 


http://v3.espacenet.com/textdoc?DB=EPODOC&IDX=JP1 1 000773&F=0 


2006/03/09 


Searching PAJ 


PATENT ABSTRACTS OF JAPAN 


Page 1 of 2 


Q 


(1 1 )Publication number : 1 1 -000773 

(43)Date of publication of application : 06.01.1999 


(51)lnt.CI. 


B23K 26/00 
H01L 21/302 


> 

(21) Application number : 

(22) Date of filing : 

09-153921 
11.06.1997 

(71) Applicant 

(72) lnventor : 

: NEC CORP 
TORIGOE TOSHIHIRO 


(54) LASER BEAM MACHINE AND ITS METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain excellent machining 
quality by reducing machining energy at the time of wiring 
pattern machining. 

SOLUTION: In the laser beam machine machining a wiring 
pattern 200b by irradiating a laser beam with a laser 
oscillator to the multilayer thin film 200 having the wiring 
pattern 200b coated with a protecting film 200a, the laser 
oscillator is composed of the protecting film machining laser 
emitting the laser beam (a) for removing the protecting film 
200a and the laser oscillator having the wiring pattern 
machining laser emitting the laser beam (b) for machining 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated^ 

CLAIMS 


[Claim(s)] 

[Claim 1] Laser-beam-machining equipment characterized by consisting of a laser oscillation machine 
which has the first oscillator which carries out outgoing radiation of the laser beam for removing said 
protective coat for said laser oscillation machine, and the second oscillator which carries out outgoing 
radiation of the laser beam for processing said circuit pattern in the laser-beam-machining equipment into 
which a laser beam is irradiated and said circuit pattern is processed with a laser oscillation vessel to the 
multilayered film which has the circuit pattern covered with the protective coat. 

[Claim 2] Laser-beam-machining equipment according to claim 1 characterized by including the control 
section which controls the outgoing radiation timing of each laser beam by said first oscillator and said 
second oscillator. 

[Claim 3] Laser-beam-machining equipment according to claim 1 or 2 characterized by installing said first 
oscillator and said second oscillator in the exposure side of each laser beam, and the right-angled direction. 
[Claim 4] The laser-beam-machining approach characterized by including the process which removes said a 
part of protective coat by irradiating the laser for protective coat processing, and the process which 
processes said circuit pattern by irradiating the laser beam for circuit pattern processing at a degree in the 
exposure section by said laser beam for protective coat processing to the multilayered film which has the 
circuit pattern covered with the protective coat. 

[Translation done.] 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the laser-beam-machining equipment into which the circuit 
pattern of the multilayered film structures, such as LSI and a photo mask, is processed (correction and 
cutting), and its approach. 
[0002] 

[Description of the Prior Art] Generally having exposed to a front face has few circuit patterns which have 
multilayered film structure, such as an LSI wafer and a photo mask, and it is covered with protective coats, 
such as glass material, in many cases. It consists of ingredients, such as polycrystalline silicon deposited on 
Si wafer, and a tungsten, aluminum, as these circuit patterns, and is processed by laser-beam-machining 
equipment. 

[0003] A laser diode ("LD" is called hereafter.) excitation Nd:YAG laser or LD excitation Nd:YLF laser is 
adopted as the laser of such laser-beam-machining equipment. 

[0004] The Q switch pulse train by which oscillation wavelength was the base of 1 micrometer, and it was 
stabilized compared with lamp excitation method laser since any [ these ] laser was excited by LD is 
acquired. Moreover, by using LD, prolonged maintenance is unnecessary and it has the advantage that the 
stable equipment operation is realizable. 

[0005] In this case, cutting processing of a circuit pattern is performed by the principle shown below in 
order that the glass material as a protective coat may usually penetrate most laser beams of the wavelength 
of the base of 1 micrometer. That is, if wiring material evaporates and expands momentarily by laser 
condensing, the stress generated by this expansion will crush glass material, and a detailed hole will be 
formed in this glass material. And the wiring material evaporated through this detailed hole is emitted 
outside. 

[0006] Under the present circumstances, in order to make effect on the lower layer section or a processing 
periphery into the minimum, he sets up the laser power near a processing threshold, and is trying not to 
irradiate the laser beam of high power superfluously. 

[0007] For this reason, an improvement centering on product designs, such as optimization of a design of a 

protective coat, a configuration of a circuit pattern, and optimization of arrangement, is made. Moreover, in 

order to realize good stable processing of a processing condition, the laser-beam-machining equipment 

which chose the wavelength which is easy to absorb only to a wiring material is also proposed. 

[0008] By the way, while the thickness of a protective coat increases in connection with multilayering and 

densification of LSI in recent years, it is in the inclination which circuit pattern width of face reduces. 

[0009] 

[Problem(s) to be Solved by the Invention] However, processing energy increases according to thickness 
increase of the protective coat as a candidate for processing, and, similarly it leads to the crushing force fall 
of the protective coat accompanying evaporation of wiring material required to crush a protective coat by 
pattern width-of-face contraction of the wiring material as a candidate for processing, and it is becoming 
difficult in conventional laser-beam-machining equipment to perform an energy setup from which better 
processing quality is acquired (to decrease the processing energy at the time of circuit pattern processing). 
[0010] That is, since it is what this kind of laser beam machining depends on making the circuit pattern 102 
under a protective coat 101 condense the laser beam 100 for wiring processing, and breaking through a 
protective coat 101 as shown in drawing 4 (a), big processing energy is needed, and processing marks 
become large as shown in this drawing (b) after laser beam machining. In this case, the effect on the lower 
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layer section or a processing periphery becomes remarkable, and processing quality deteriorates, so that a 
protective coat 101 becomes thick. 

[001 1] For this reason, the appearance of the laser-beam-machining equipment which can perform an energy 

setup from which processing quality better than before is acquired was demanded. 

[0012] This invention aims at offer of the laser-beam-machining equipment which was made in order to 

meet such a request, can reduce sharply the processing energy at the time of wiring processing, can have it, 

and can acquire good processing quality, and its approach. 

[0013] 

[Means for Solving the Problem] In the laser-beam-machining equipment into which the laser-beam- 
machining equipment of this invention according to claim 1 irradiates a laser beam with a laser-oscillation 
vessel to the multilayered film which has the circuit pattern covered with the protective coat in order to 
attain said purpose, and a circuit pattern is processed, it has considered as the configuration which consists 
of a laser-oscillation machine which has the first oscillator which carries out outgoing radiation of the laser 
beam for removing a protective coat for a laser-oscillation machine, and the second oscillator which carries 
out outgoing radiation of the laser beam for processing a circuit pattern. Therefore, a part of protective coat 
is removed from the first oscillator by the laser beam which carries out outgoing radiation, and a circuit 
pattern is cut by the laser beam which carries out outgoing radiation from the second oscillator. 
[0014] Invention according to claim 2 is considered as the configuration in which the control section which 
controls the outgoing radiation timing of each laser beam by the first oscillator and the second oscillator was 
included in laser-beam-machining equipment according to claim 1. Therefore, the outgoing radiation timing 
of the laser beam from each oscillator is controlled by the control section, and removal processing of a 
protective coat and cutting processing of a circuit pattern are performed one by one. 

[0015] Invention according to claim 3 is considered as the configuration in which the first oscillator and the 
second oscillator are installed in the exposure side of each laser beam, and the right-angled direction side by 
side in laser-beam-machining equipment according to claim 1 or 2. Therefore, the processing location by 
each laser beam turns into the same location, and the amount of total displacement of each oscillator at the 
time of processing decreases. 

[0016] The laser-beam-machining approach according to claim 4 is made into the approach in which the 
process which removes a part of protective coat by irradiating the laser for protective coat processing, and 
the process which processes a circuit pattern by irradiating the laser beam for circuit pattern processing in 
the exposure section by the laser beam for protective coat processing at a degree were included to the 
multilayered film which has the circuit pattern covered with the protective coat. Therefore, by irradiating the 
laser for protective coat processing, a part of protective coat is removed and a circuit pattern is cut by 
irradiating the laser beam for circuit pattern processing at the exposure section by the laser beam for 
protective coat processing. 
[0017] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, it explains about the operation gestalt 
of this invention. Drawing 1 is the block diagram showing the laser-beam-machining equipment concerning 
the first operation gestalt of this invention. In this drawing, the laser-beam-machining equipment shown 
with a sign 1 is equipped with the laser 2 for protective coat processing, the first processing optical system 
3, the laser 4 for circuit pattern processing, the second processing optical system 5, X-Y stage 6, the stage 
mechanical component 7, and a control section 8, and is installed on the stage base 9. 
[0018] The laser 2 for protective coat processing (the first oscillator) consists of laser which carries out 
outgoing radiation of the laser beam for having the wavelength of 300nm or less and removing protective 
coat 200a (it illustrating to drawing 2 ) of a multilayered film 200, and is arranged above the first processing 
optical system 3. For example, Nd: Ultraviolet laser, such as an YAG laser (the fourth higher harmonic with 
a wavelength of 266nm) and excimer laser, is contained. 

[0019] The first processing optical system 3 has an optical attenuator 10, the adjustable opening 1 1, and an 
objective lens 12, and is arranged in the stage base 9 through the frame 13. Thereby, laser beam a which 
carries out outgoing radiation from the laser 2 for protective coat processing is irradiated to the multilayered 
film 200 on X-Y stage 6. 

[0020] The laser 4 for circuit pattern processing consists of a laser beam which carries out outgoing 
radiation of the laser beam for having the wavelength of 300nm - 1.1 micrometers, and processing circuit 
pattern 200b (it illustrating to drawing 2 ) of a multilayered film 200, and is installed in the direction of a 
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stage migration flat surface of the laser 2 for protective coat processing (the direction of a laser beam 
exposure side), and is arranged above the second processing optical system 5. For example, Nd: An YAG 
laser and Nd: YLF laser are contained. 

[0021] The second processing optical system 5 has an optical attenuator 15, the adjustable opening 16, and 
an objective lens 17, and is arranged in the stage base 9 through the frame 13. Thereby, laser beam b which 
carries out outgoing radiation from the laser 4 for circuit pattern processing is irradiated to the multilayered 
film 200 on X-Y stage 6. 

[0022] Each has the stage elements 6a and 6b of each other which can move in the right-angled direction, 
and X-Y stage 6 is arranged under the first processing optical system 3 and the second processing optical 
system 5, and is installed in the stage base 9. Thereby, migration actuation of the multilayered film 200 is 
carried out in the direction of flat-surface X-Y, and it positions to a position. 

[0023] The stage mechanical component 7 is connected to the stage elements 6a and 6b of X-Y stage 6. 
Thereby, the stage elements 6a and 6b of X-Y stage 6 drive in the direction of flat-surface X-Y. The control 
section 8 is connected to the stage mechanical component 7 and both the laser 2 and 4. . by which the 
outgoing radiation timing of the laser beams a and b by each laser 2 and 4 is controlled by this. 
[0024] Next, it explains about the laser-beam-machining approach concerning this operation gestalt using 
drawing 2 . Drawing 2 (a) - (c) is a sectional view shown in order to explain the laser-beam-machining 
approach concerning the first operation gestalt of this invention. First, the through tube (not shown) which 
forms crevice 200A in protective coat 200a, or results in circuit pattern 200b as a part of protective coat 
200a is removed and it is shown in this drawing (b) is formed by irradiating laser beam (laser beam) a at 
protective coat 200a, as shown in this drawing (a). 

[0025] in this case, the processing part of protective coat 200a — several [ before the exposure of laser beam 
a / i/] falling (when a crevice being formed) — or the obstruction at the time of wiring processing by laser 
beam b is removed (when a through tube is formed). 

[0026] Next, circuit pattern 200b is cut by irradiating laser beam b (laser beam) at the exposure section 
(processing section) by laser beam a, as shown in this drawing (c). In this case, laser beam b is irradiated by 
circuit pattern 200b through protective coat 200a, or circuit pattern 200b irradiates directly. 
[0027] In addition, in this operation gestalt, although the case where each laser 2 and 4 stood in a row 
mutually in the direction of a stage migration flat surface was explained, this invention is not limited to this, 
but as shown in drawing 3 as the second operation gestalt, even when the laser 21 for protective coat 
processing and the laser 22 for wiring processing stand in a row mutually in a stage migration flat surface 
(laser beam exposure side) and the right-angled direction, it does so the same effectiveness as an operation 
gestalt. Setting to this drawing, signs 23 and 24 are a reflective mirror, a half mirror, and the objective lens 
of common use [ 25 ]. 

[0028] In this case, the processing location by each laser beams a and b turns into the same location, and the 
total stage movement magnitude at the time of processing (the amount of total displacement of each laser 21 
and 22) decreases. 
[0029] 

[Effect of the Invention] Since it consists of a laser oscillation machine which has the first oscillator which 
carries out outgoing radiation of the laser beam for removing a protective coat for a laser oscillation 
machine, and the second oscillator which carries out outgoing radiation of the laser beam for processing a 
circuit pattern according to this invention as explained above, a part of protective coat is removed from the 
first oscillator by the laser beam which carries out outgoing radiation, and a circuit pattern is cut by the laser 
beam which carries out outgoing radiation from the second oscillator. 

[0030] Therefore, since the processing energy at the time of wiring processing can be reduced sharply, good 
processing quality can be acquired. 


[Translation done.] 


JP,1 1-000773, A [TECHNICAL FIELD] 


Page 1 of 1 


* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3.1n thedrawings, any- words are not translated. _ . _ _ 


TECHNICAL FIELD 

[Field of the Invention] This invention relates to the laser-beam-machining equipment into which the circuit 
pattern of the multilayered film structures, such as LSI and a photo mask, is processed (correction and 
cutting), and its approach. 
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PRIOR ART 


[Description of the Prior Art] Generally having exposed to a front face has few circuit patterns which have 
multilayered film structure, such as an LSI wafer and a photo mask, and it is covered with protective coats, 
such as glass material, in many cases. It consists of ingredients, such as polycrystalline silicon deposited on 
Si wafer, and a tungsten, aluminum, as these circuit patterns, and is processed by laser-beam-machining 
equipment. 

[0003] A laser diode ("LD" is called hereafter.) excitation Nd:YAG laser or LD excitation Nd:YLF laser is 
adopted as the laser of such laser-beam-machining equipment. 

[0004] The Q switch pulse train by which oscillation wavelength was the base of 1 micrometer, and it was 
stabilized compared with lamp excitation method laser since any [ these ] laser was excited by LD is 
acquired. Moreover, by using LD, prolonged maintenance is unnecessary and it has the advantage that the 
stable equipment operation is realizable. 

[0005] In this case, cutting processing of a circuit pattern is performed by the principle shown below in 
order that the glass material as a protective coat may usually penetrate most laser beams of the wavelength 
of the base of 1 micrometer. That is, if wiring material evaporates and expands momentarily by laser 
condensing, the stress generated by this expansion will crush glass material, and a detailed hole will be 
formed in this glass material. And the wiring material evaporated through this detailed hole is emitted 
outside. 

[0006] Under the present circumstances, in order to make effect on the lower layer section or a processing 
periphery into the minimum, he sets up the laser power near a processing threshold, and is trying not to 
irradiate the laser beam of high power superfluously. 

[0007] For" this reason, an improvement centering on product designs, such as optimization of a design of a 
protective coat, a configuration of a circuit pattern, and optimization of arrangement, is made. Moreover, in 
order to realize good stable processing of a processing condition, the laser-beam-machining equipment 
which chose the wavelength which is easy to absorb only to a wiring material is also proposed. 
[0008] By the way, while the thickness of a protective coat increases in connection with multilayering and 
densification of LSI in recent years, it is in the inclination which circuit pattern width of face reduces. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] Since it consists of a laser oscillation machine which has the first oscillator which 
carries out outgoing radiation of the laser beam for removing a protective coat for a laser oscillation 
machine, and the second oscillator which carries out outgoing radiation of the laser beam for processing a 
circuit pattern according to this invention as explained above, a part of protective coat is removed from the 
first oscillator by the laser beam which carries out outgoing radiation, and a circuit pattern is cut by the laser 
beam which carries out outgoing radiation from the second oscillator. 

[0030] Therefore, since the processing energy at the time of wiring processing can be reduced sharply, good 
processing quality can be acquired. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, processing energy increases according to thickness 
increase of the protective coat as a candidate for processing, and, similarly it leads to the crushing force fall 
of the protective coat accompanying evaporation of wiring material required to crush a protective coat by 
pattern width-of-face contraction of the wiring material as a candidate for processing, and it is becoming 
difficult in conventional laser-beam-machining equipment to perform an energy setup from which better 
processing quality is acquired (to decrease the processing energy at the time of circuit pattern processing). 
[0010] That is, since it is what this kind of laser beam machining depends on making the circuit pattern 102 
under a protective coat 101 condense the laser beam 100 for wiring processing, and breaking through a 
protective coat 101 as shown in drawing 4 (a), big processing energy is needed, and processing marks 
become large as shown in this drawing (b) after laser beam machining. In this case, the effect on the lower 
layer section or a processing periphery becomes remarkable, and processing quality deteriorates, so that a 
protective coat 101 becomes thick. 

[001 1] For this reason, the appearance of the laser-beam-machining equipment which can perform an energy 
setup from which processing quality better than before is acquired was demanded. 
[0012] This invention aims at offer of the laser-beam-machining equipment which was made in order to 
meet such a request, can reduce sharply the processing energy at the time of wiring processing, can have it, 
and can acquire good processing quality, and its approach. 
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DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the laser-beam-machining equipment concerning the first 
operation gestalt of this invention. 

[Drawing 2] (a) - (c) is a sectional view shown in order to explain the laser-beam-machining approach 
which similarly starts the first operation gestalt of this invention. 

[Drawing 3] It is the block diagram showing the laser-beam-machining equipment concerning the second 
operation gestalt of this invention. 

[Drawing 4] (a) And (b) is a sectional view shown in order to explain the conventional laser-beam- 
machining approach. 
[Description of Notations] 

1 Laser-Beam-Machining Equipment 

2 Laser for Protective Coat Processing 

3 First Processing Optical System 

4 Laser for Circuit Pattern Processing 

5 Second Processing Optical System 
200 Multilayered Film 

200a Protective coat 
200b Circuit pattern 

The laser beam for protective coat processing 
b The laser beam for circuit pattern processing 
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DRAWINGS 


[Drawing 1] 
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[Drawing 41 
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[0 0 0 3] rcoi: 5^u~if^PXSg^^-if^^> 
fy^Th— K ©T, r L D j tW-f% Q ) iSN 

d : YAGl^-if*fcf3LDKjjgNd : YLFU-f# 
[0 0 0 4] mbV^tLCOU— if fc, 38gJKSa*lAi 
if irit^T^^LfcQ^-Y y^^^^Jd s #&ix 

[0 0 0 5] r<D»-&. Elft^^ — v^«J*r*PXtt, « 

mmt isxotfyxwmisi Mm-^^KS^^-if^ 
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*rfl«*U i^^7^MWM^n^ 0 ^b 
[0 0 0 6] TJlSB^JOX^iaSB^ieWS:* 

9^bTl^o 

[0 0 0 7] rcofc^, ««M<0Kt^*a<t^E»'* 

[0 0 0 8] t r 5T\ j5¥K*3tt5 L S I (D&JSik ' 

ms<9— ^mtm^-t z> mm k & a . 

[0 0 0 9] 

lP/HlX»«fc*5V^Ttt, J5PX»*i LTO«»fflS^J¥S 
20 *|*^J:oTJpx^/i/^-dsu|^:u, *fcHC<JPX 

[ooio] -ftttefe, tfipx^0 4 

(a) 3 KBIWMXfll If tf— a l 0 0 Sri* 

If Ml 0 IT^KIS^* — >-l 0 2ld*5t*-^"Cffi:SIIK 
1 0 1 <t^<fc£fc<^-?fc5fctf>, ^c#^*P 

50 Ix^v^-^StL, ifiPX^KI^EI (b) 

*i"±5^JPXfttf*:#<ft5o ckp*^ «io 
jfcD, Apx D n p«^4b-r£o 

[0 0 11] ^(Dtctb, &ftteMT.&mmb 

xasaotn^sasixTv^o 

[0012] *SMtt:©J:5<i*ili:JSi5' < < 
tLfct^T% ifij»*DXi$coiPX^^^^f— Sr^cStciSSc 

[0 0 13] 

tc, *^cOlt*3Sll5«cOU-ifApx^«^. (SSIIK 

^SrSPXl-S ^-ifiPX^g^^^T, tflSSS 

iBSi, E^^^-vSrJtlPXi-Sfcfe^u— IfJtSrtUit 
50 1rZ>m~mMi&t&mi-Z> is- if ***** b * 5 «/* t 
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[0014] 2B«0»Wtt. St** 1 K« » u 

-if ^DXilglCjo^T. J(5-»S»fe «fc VJB^*S»»- 

3ss»*»e)©^— ifftotatt*^ 5 >^£fwwu &i§ 

So 

10 0 15] tt#S3E*t©36Wtt, »*^l*fctt2 

xfi£B^P-fi:Bi * •? . APXHf tf>#38g8§<z>:£^»iS 

[0 0 16] it#3S4!B«&tf>U— !fJHX*rjfett, fitHR 
-SBI&*-f5Xgi. fcfcfiWIWHiXffl v~ 

i:fcJ;9««llll©-»* s K8*sn, ffcKBIinxfflu— >f 

[0 0 17] 

[&w<Dnte<ai&mi sit, *mm<omm&mi l z.oz , 

tJV^T, 1 t?jjH-u~ifAnX3£Sfi, ^fl^JDXffl 

u-if 2 i:*-JPX***3 iria^^-V^DXffl 

if 4 tfgXj)PX}fc^5&5 ir^x-v? 

[0018] &«ISIiPXJ8 \s— !f 2 f±, 

3 0 0 n my.Trojgft 5r <t> *>#S5W& 2 0 0 OtfcillBI 2 
00a (H2^H*) iSrS!*t5tftOU— ifft£tij£f 

jxTV^o iiliN d : YAG W— if 2 6 6 nm 

nmmmmm ^^v^^-if^^^-i^-a 

[0019] ^-A0X3t^^ 3 ft. 10t^ 
BBPSBl 1 i^^Xi 2 tSrtU ^x— v^— * 

t) % X-Y^x-v?6±C0#^»Sf 2 0 OlCttU »IS 
JgliPXffi u-if 2 *»6ttJ|*t" * if 3t a *SRB*t**L 
So 

[0 0 2 0] E*^# — >3WXfflU— If 4tt, 3 0 On 
1 . 1 ft mOjKSS: h&J§M%£ 2 0 0 tf>ga^ °* 


(3) ^¥ 11-773 

-y20 0 b (0 2^11^) Sr*0X-rSfcfe<Ol — If* 

*taiti-su-if*^e>*o, «»«aoxffl tf 20 

tlfNd : YAG I — If^Nd : Y L F U— if dS***t 

So - 

[00 2 1] ~ JHJX*^ 5 ttx *MJ£l§ 1 5 k pJ^ 
»P»l6i»*vyXi7i:S:#U *y-i^<— ;* 

70 9. X-Y^^— v ? 6_bc7)^jiSf^2 0 OiC^b. SB^ 
— ^JOXffllx— 1f 4^e>aW-T5^— tfJtbASfiHIt 

[0 0 2 2] X- Y*^—^6 tt, ^rix^n^SVMCii: 
&?£%mzm^mteXT-i?=.l'*>h6 a, 6b£ 
*U *-MX3ll6**3 33J:t«KXJoX**3R5<DT* 
IdKKSft* ^o^—v^— * 9 *l/T^S 0 
r*Uc*?K TOX— Y*rtfc#«**2 0 o*»tt» 

[0 0 2 3] *zr~iSmW)U7\^ X-Y^T-^6<D 
20 ^T-^^yh6a, 6 b^SSBISixrv^s 8 m 
(CJ:^, X - Y^f*"^ 6 ^f-'^ l/> V f 6 a , 

v ? ffi»ss7*3<tr/w^— if 2, 4^^$nr^s 0 - 

[00 2 4] **JS^{-#.S U—if JOX^ffiJC 

o# N gl2*ffll>Tlft0^i-So El 2 (a) - (c) 
»H<0»— l — ^PX^&SrKMi-Sfc 
fe^tMt^5 0 ^c"f, RBI (a) tc^i~J:5t- 

50 «||200 aU:^ If* (ix-iftf-A) a*S»t 
Sr<ticJ:i9 N «HB(2 0 0 a<7>— »S:I»*L-CIHH 

(b) ^*fJ:5«-<ftSlffll2 0 0 a^Dfl«fB2 0 OAS:® 
^c"fS^\ feSV^{iiBlfe^^ — >-2 0 0 btcMSRii^L 

[0 0 2 5] 1^1^, 1*112 0 0 aOiOllflSM^ 
— 1f*a<7)fla#tHtr^»4><o— (cffiTi-S (Dfl*fBS:«J*b 
fc^) fcSv^ttu— if*b^J:SEilft*X«F<z>|» 

[0 0 2 6] 1^0 ( c ) t^^i" «t 5 l^— If* a 

40 *C«fc3flMt» »PX§{5) 1f*b (U-iftf-A) 

srBRit-rs-fciwit), BH^#-y2 o o b&wm-r 

So r<D»fr, U-1f*b^««Bt2 0 0 aS:^LTE 
J|/^-y2 0 0 b{cfig*t*HSd\ fcS^f2E*|>>** 
-y2 0 0 b^ilKSSIt^ttSo 

[0027] ft*, ^mmmm^^^r^ #u-if 
m-nmifmt Lt^t i 5 fc««Btaxffl tf 2 1 

feit/EIMiPXfflU'— if 2 2^^x-^ft¥® (1— 
50 if*B8*tffi) fcHAttJbriRlteSlvMcatwrsW^-Cfc* 
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[0 0 2 8] #U— tffta, bK£5iDX{4 

-if 2 1-, -2 -2 So- 
lO 0 2 9] 

— »f3§JS&£, »aiBtSrSfe*-r5fc«)«>U'— !f3te£tt!*t 
[0 0 3 0] L/c^oT, EiHUinXB*«)iPX3:*/l"¥— 


[12] (a) ~ (c) tt|Blt<*»M«)JB— 5 
|C« 5 u -if to X2r& SrRW-f- 5 fc * tOTr-r HPr® fe 

[13] ^m(0%—%Wm\^^) u~ifiPX^SSr 

_ _ jjfct-j/n ..y.^Bt*fc.5, - - - - - 

[14] (a) *3±tf (b) li^OU-— IfiJPX^Sr 

w i u— ifiDX^g 

2 i^aifieiraxffl u— if 

3 Jg-JOI*** 

4 EISl/-?^ — v-iPXfflu— if 

5 fgXjPX;*^ 
2 0 0 
2 0 0 a 

2 0 0 b BBiBM* — > 
a ««|ftbPXffl«)U— If* 

b &M'<?— ytonm<ou—ft/t 


[HI] 



b-sm><?—> 
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[12] 


a: fsaattoww— ire- A. 

\ 

20Ck_ _V f 200o 


v 200b 


(O) 



200o 



[13] 



[14] 


loo: ElfctaXfflu— tf h'-A 




&mamxr 


102 


(o) 


(b) 
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